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(57) [Objective] To make it possible to effectively re-
lay remaining signals even when any input failure occurs
on a propagation path.

[Solution] Provided is an optical branching/insertion
device including: a trunk-side detection/branching unit
for detecting a failure of a trunk-side optical signal input-
ted from the trunk side and outputting it as a first detection
result, and for splitting the trunk-side optical signal and
sending the split signals respectively to the trunk side
and to the branch side; a branch-side detection unit for
detecting a failure of a branch-side optical signal inserted
from the branch side and outputting it as a second de-

tection result, and for sending the branch-side optical sig-
nal as an insertion signal; an insertion signal adjustment
unit for outputting the insertion signal with its pass-
through degree having been adjusted on the basis of the
first detection result, as a first adjusted signal; a trunk
signal adjustment unit for outputting the trunk-side optical
signal with its pass-through degree having been adjusted
on the basis of the first detection result, as a second
adjusted signal; and a combining/output unit for output-
ting, to the outside, an optical signal into which the first
adjusted signal and the second adjusted signal are com-
bined together, as a trunk-side output optical signal.
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Description

[Technical Field]

[0001] The present invention relates to an optical relay
device, and in particular, to an optical branching/insertion
device which performs splitting and mixing of optical sig-
nals depending on specific wavelengths, an optical
branching/insertion method for performing the same, and
a recording medium.

[Background Art]

[0002] In recent years, with the spread of the internet,
demand for international telecommunications to process
large-volume contents such as voices and video images
has been rapidly increasing. Accordingly, optical wave-
length division multiplexing communication, where a plu-
rality of optical signals of different wavelengths are si-
multaneously transmitted on a single optical fiber cable,
has been widely used as a high-speed and large-capacity
information communication means.
[0003] In particular, submarine cable systems are re-
quired to have very high reliability, because they are in-
stalled in deep sea and accordingly cannot be easily re-
paired. Because of this condition, research and develop-
ment has been conducted on accuracy improvement and
mutual interaction of a large number of relay devices in-
tervening between the submarine cable systems.
[0004] FIG. 10 is a block diagram showing a configu-
ration diagram of a typical optical branching/insertion de-
vice 700 existing between submarine cable systems. The
optical branching/insertion device 700 comprises an op-
tical coupler 200, an optical filter 400, an optical filter 500
and an optical coupler 600. The optical coupler 200 splits
a trunk-side optical signal inputted from the outside and
outputs the split signals respectively to the inside of the
optical branching/insertion device 700 and to the brunch
side. The optical filter 400 passes only a specific optical
signal component (insertion signal) out of a brunch-side
optical signal. The optical filter 500 passes only a specific
optical signal component (pass-through signal) out of the
trunk-side optical signal. The optical coupler 600 passes
the specific optical signal component (insertion signal)
out of the brunch-side optical signal, and combines the
optical signal component thus passed with light outputted
from the optical filter 500.
[0005] However, in the above-described configuration,
if an input failure of the trunk-side optical signal occurs,
no pass-through signal is inputted to the optical branch-
ing/insertion device 700. In that case, only an insertion
signal is transmitted to the subsequent stage, and ac-
cordingly, there arises a problem of reduction in the total
power. If an input failure of the brunch-side optical signal
occurs, no insertion signal is inputted to the optical
branching/insertion device 700. In that case, only a pass-
through signal is transmitted to the subsequent stage,
and accordingly, there also arises a problem of reduction

in the total power.
[0006] In terms of the problem described above, for
example, PTL 1 and PTL 2 each describe a technology
for making the total power of output light having been
propagated through an optical fiber equivalent to that of
the incident light.
[0007] In the technology of PTL 1, a total sum of powers
of an optical signal inputted from a trunk line and that
from a brunch line is compared with a threshold value
set in advance. On the basis of the comparison result,
the power of the input optical signal from the trunk line
is controlled.
[0008] In the technology of PTL 2, when an optical input
at the front stage of the device becomes in a no-input
state owing to a transmission line failure or the like, in-
putted spontaneous emission light is adjusted to have
the same level of output power as that of a pass-through
optical signal in the ordinary state, and the adjusted light
is outputted as compensation light.

[Citation List]

[Patent Literature]

[0009]

[PTL 1] Re-publication of PCT International Publica-
tion No. 2004/088893
[PTL 2] Japanese Patent Application Laid-Open No.
2006-66946

[Summary of Invention]

[Technical Problem]

[0010] However, in an optical branching device of PTL
1, the power of an optical signal inputted from the trunk
line is controlled on the basis of whether the level of the
input signal falls within a range between two threshold
values set in advance. Accordingly, the optical branching
device has a problem of variation in the total power out-
putted to the outside, and also a problem of inability to
adjust the input/output power on a per-wavelength basis.
[0011] An optical branching/insertion device disclosed
in PTL 2 has a problem in that its overall configuration
becomes complicated, and also a problem in that, if a
failure occurs in inputting an optical signal to be inserted,
only a pass-through optical signal or compensation light
is outputted.
[0012] In general optical repeaters of submarine cable
systems, constant excitation light control requiring a rel-
atively simple circuit configuration is employed, instead
of constant gain control. Therefore, even when the input
power has become low, as a result of passing through
some number of optical repeaters, the total output power
becomes almost equal to that in the normal state.
[0013] Accordingly, in the technologies described in
PTL 1 and PTL 2, it is anticipated that, when an input

1 2 



EP 2 950 466 A1

3

5

10

15

20

25

30

35

40

45

50

55

failure occurs, the transmission characteristics are de-
graded by a nonlinear effect which causes increase in
the power per wavelength. An optical signal other than
that for which the input failure has occurred is amplified
to have a power exceeding an intended value. That is,
there occurs an "optical nonlinear phenomenon" which
is a phenomenon where the intensity of output light after
propagation through an optical fiber is not proportional
to the intensity of the incident light. The optical nonlinear
phenomenon makes it impossible for the reception side
to properly receive optical signals.

(Objective of Invention)

[0014] The objective of the present invention is to pro-
vide an optical branching/insertion device, an optical
branching/insertion method and a recording medium, all
of which enable it to effectively relay remaining signals
even when an input failure occurs.

[Solution to Problem]

[0015] An optical branching/insertion device of the
present invention comprises: a trunk-side detec-
tion/branching means which detects a failure of a trunk-
side optical signal inputted from the trunk side and out-
puts it as a first detection result, and splits the trunk-side
optical signal and sends the split signals respectively to
the trunk side and to the branch side; a branch-side de-
tection means which detects a failure of a branch-side
optical signal inserted from the branch side and outputs
it as a second detection result, and sends the branch-
side optical signal as an insertion signal; an insertion sig-
nal adjustment device which outputs the insertion signal
whose pass-through degree has been adjusted on the
basis of the first detection result, as a first adjusted signal;
a trunk signal adjustment device which outputs the trunk-
side optical signal whose pass-through degree has been
adjusted on the basis of the second detection result, as
a second adjusted signal; and a combining/output means
which outputs, to the outside, an optical signal into which
the first adjusted signal and the second adjusted signal
are combined together, as a trunk-side output optical sig-
nal.
[0016] An optical branching/insertion method of the
present invention is characterized by that it comprises:
detecting a failure of a trunk-side optical signal inputted
from the trunk side and outputting it as a first detection
result, and splitting the trunk-side optical signal and send-
ing the split signals respectively to the trunk side and to
the branch side; detecting a failure of a branch-side op-
tical signal inserted from the branch side and outputting
it as a second detection result, and sending the branch-
side optical signal as an insertion signal; outputting the
insertion signal whose pass-through degree has been
adjusted on the basis of the first detection result, as a
first adjusted signal; outputting the trunk-side optical sig-
nal whose pass-through degree has been adjusted on

the basis of the second detection result, as a second
adjusted signal; and outputting, to the outside, an optical
signal into which the first adjusted signal and the second
adjusted signal are combined together, as a trunk-side
output optical signal.
[0017] A recording medium of the present invention
stores an optical branching/insertion program for causing
a computer to realize: a trunk-side detection/branching
function to detect a failure of a trunk-side optical signal
inputted from the trunk side and output it as a first detec-
tion result, and to split the trunk-side optical signal and
send the split signals respectively to the trunk side and
to the branch side; a branch-side detection function to
detect a failure of a branch-side optical signal inserted
from the branch side and output it as a second detection
result, and to send the branch-side optical signal as an
insertion signal; an insertion signal adjustment function
to output the insertion signal whose pass-through degree
has been adjusted on the basis of the first detection re-
sult, as a first adjusted signal; a trunk signal adjustment
function to output the trunk-side optical signal whose
pass-through degree has been adjusted on the basis of
the second detection result, as a second adjusted signal;
and a combining/output function to output, to the outside,
an optical signal into which the first adjusted signal and
the second adjusted signal are combined together, as a
trunk-side output optical signal.

[Advantageous Effects of Invention]

[0018] According to the present invention, even when
an input failure occurs, remaining signals are effectively
relayed.

[Brief Description of Drawings]

[0019]

[FIG. 1] A block diagram showing an example of a
basic configuration of an optical branching/insertion
device according to a first exemplary embodiment
of the present invention
[FIG. 2] A block diagram showing an example of a
specific configuration of the optical branching/inser-
tion device shown in FIG. 1
[FIG. 3] A block diagram showing an example of a
network configuration of the optical branching/inser-
tion device shown in FIGS. 1 and 2
[FIG. 4] A diagram schematically showing flows of
optical signals in a normal state, in the optical branch-
ing/insertion device shown in FIGS. 1 and 2
[FIG. 5] A diagram schematically showing flows of
optical signals in a state where a failure has occurred,
in the optical branching/insertion device shown in
FIGS. 1 and 2
[FIG. 6] A flow chart showing an example of operation
of the optical branching/insertion device shown in
FIGS. 1 and 2
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[FIG. 7] A block diagram showing an example of a
basic configuration of an optical branching/insertion
device according to a second exemplary embodi-
ment of the present invention
[FIG. 8] A block diagram showing an example of a
specific configuration of the optical branching/inser-
tion device shown in FIG. 7
[FIG. 9] A flow chart showing an example of operation
of the optical branching/insertion device shown in
FIGS. 7 and 8
[FIG. 10] A block diagram showing a configuration
of a typical optical branching/insertion device

[Description of Embodiments]

[First exemplary embodiment]

[0020] A first exemplary embodiment of an optical
branching/insertion device according to the present in-
vention will be described, with reference to FIGS. 1 to 7.

(Basic configuration)

[0021] The optical branching/insertion device 71 ac-
cording to the first exemplary embodiment comprises a
trunk-side detection/branching means 21, a branch-side
detection means 31, an insertion signal adjustment
means 41, a trunk signal adjustment means 51 and a
combining/output means 61.
[0022] The trunk-side detection/branching means 21
detects a failure of a trunk-side optical signal inputted
from the trunk side and outputs it as a first detection result,
and splits the trunk-side optical signal and outputs the
split signals respectively to the trunk side and to the
branch side.
[0023] The branch-side detection means 31 detects a
failure of a branch-side optical signal inserted from the
branch side and outputs it as a second detection result,
and sends the branch-side optical signal as an insertion
signal.
[0024] The insertion signal adjustment means 41 out-
puts the insertion signal whose pass-through degree has
been adjusted on the basis of the first detection result,
as a first adjusted signal.
[0025] The trunk signal adjustment means 51 outputs
the trunk-side optical signal whose pass-through degree
has been adjusted on the basis of the second detection
result, as a second adjusted signal.
[0026] The combining/output means 61 outputs, to the
outside, an optical signal into which the first adjusted sig-
nal and the second adjusted signal are combined togeth-
er, as a trunk-side output optical signal.
[0027] When the second detection result indicates no
failure occurrence of the branch-side optical signal, the
trunk-signal adjustment means 51 passes only a signal
component of a first specific wavelength out of the trunk-
side optical signal. On the other hand, when the second
detection result indicates any failure occurrence of the

branch-side optical signal, the trunk-signal adjustment
means 51 passes a signal component of a second spe-
cific wavelength, as well as that of the first specific wave-
length, out of the trunk-side optical signal.
[0028] When the first detection result indicate no failure
occurrence of the trunk-side optical signal, the insertion
signal adjustment means 41 passes only a signal com-
ponent of the second wavelength out of the insertion sig-
nal. On the other hand, when the first detection result
indicates any failure occurrence of the trunk-side optical
signal, the insertion signal adjustment means 41 passes
a signal component of the first specific wavelength, as
well as that of the second specific wavelength, out of the
insertion signal.

(Specific configuration)

[0029] Next, a specific configuration of the optical
branching/insertion device 71 will be described, with ref-
erence to FIG. 2.
[0030] The trunk-side detection/branching means 21
comprises an optical coupler 21A, an optical coupler 21B
and an optical input interruption detection circuit (optical
input interruption detection unit) 21C.
[0031] The optical coupler 21A splits a trunk-side op-
tical signal and sends the split signals, respectively, into
the direction where branching/passing is to be performed
and into the direction where detection of an input failure
(in the present exemplary embodiment, an "interruption
of an input optical signal" is taken as an example) is to
be performed (the direction of the optical input interrup-
tion detection circuit 21C).
[0032] The optical coupler 21B splits the trunk-side op-
tical signal having passed through the optical coupler 21A
and sends the split signals, respectively, into the direction
for branching (to the branch side) and into the direction
for pass-through.
[0033] The optical input interruption detection circuit
(optical input interruption detection unit) 21C monitors
the input power of the trunk-side optical signal, and there-
by performs determination of whether or not any input
interruption has been detected on the trunk-side propa-
gation path. On detecting any input interruption, the op-
tical input interruption detection circuit 21C sends "trunk-
side input interruption information" (the first detection re-
sult) to the insertion signal adjustment means 41.
[0034] The branch-side detection means 31 comprises
an optical coupler 31A and an optical input interruption
detection circuit (optical input interruption detection unit)
31B.
[0035] The optical coupler 31A splits a branch-side op-
tical signal and sends the split signals, respectively, into
the direction where insertion is to be performed and into
the direction where detection of an optical input interrup-
tion is to be performed (the direction of the optical input
interruption detection circuit 31B).
[0036] The optical input interruption detection circuit
31B monitors the input power of the branch-side optical
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signal, and thereby performs determination of whether
or not any input interruption has been detected on the
branch-side propagation path. On detecting any input in-
terruption, the optical input interruption detection circuit
31B sends "branch-side input interruption information"
(the second detection result) to the trunk signal adjust-
ment means 51.
[0037] The insertion signal adjustment means 41 com-
prises an optical filter 41A, an optical switch 41B, an op-
tical filter 41C and an optical switch control circuit (optical
switch control unit) 41D.
[0038] The optical filter 41A receives input of a branch-
side optical signal (insertion signal) from the optical cou-
pler 31A at a port 7, and then outputs a specific optical
signal component (insertion light: a signal component
having the second specific wave length) at a port 8 and
the other optical signal component (insertion-prevented
light: a signal component having the first specific wave-
length) at a port 9.
[0039] The optical switch 41B performs passing/inter-
ception of the insertion-prevented light from the optical
filter 41A.
[0040] The optical filter 41C is an optical filter with the
same configuration as that of the optical filter 41A, and
is arranged in the reverse direction to that of the optical
filter 41A.
[0041] On receiving the trunk-side input interruption in-
formation, which is sent from the optical input interruption
detection circuit 21C when any input interruption has
been detected, the optical switch control circuit 41D sets
the optical switch 41B to the ON state.
[0042] The insertion light described above is outputted
to the outside of the insertion signal adjustment means
41 via the ports 7 and 8 of the optical filter 41A and ports
10 and 12 of the optical filter 41C.
[0043] When the optical switch 41B is in the ON state,
the insertion-prevented light described above is output-
ted to the outside of the insertion signal adjustment
means 41 via the ports 7 and 9 of the optical filter 41A
and ports 11 and 12 of the optical filter 41C. On the other
hand, when the optical switch 41B is in the OFF state,
the insertion-prevented light described above is inter-
cepted by the optical switch 41B, and accordingly is not
outputted to the outside of the insertion signal adjustment
means 41.
[0044] The optical switch control circuit 41D sends to
the optical switch 41B a power control signal relevant to
passing/interception of an optical signal.
[0045] The optical input interruption detection circuit
21C notifies the optical switch control circuit 41D of the
trunk-side input interruption information only when any
input interruption has been detected. In other words,
when no input interruption has been detected, the optical
input interruption detection circuit 21C notifies the optical
switch control circuit 41D of nothing. Accordingly, if no
input interruption occurs, the optical switch 41B is kept
in the OFF state.
[0046] The trunk signal adjustment means 51 compris-

es an optical filter 51A, an optical switch 51B, an optical
filter 51C and an optical switch control circuit (optical
switch control unit) 51D.
[0047] The optical filter 51A receives input of a trunk-
side optical signal from the optical coupler 21B at a port
1, and then outputs a specific optical signal component
(pass-through light: a signal component having the first
specific wavelength) to a port 2 and the other optical sig-
nal component (pass-through-prevented light: a signal
component having the second specific wavelength) to a
port 3.
[0048] The optical switch 51B performs passing/inter-
ception of the pass-through-prevented light from the op-
tical filter 51.
[0049] The optical filter 51C is an optical filter with the
same configuration as that of the optical filter 51A, and
is arranged in the reverse direction to that of the optical
filter 51A.
[0050] On receiving the branch-side input interruption
information, which is sent from the optical input interrup-
tion detection circuit 31B when any input interruption has
been detected, the optical switch control circuit 51D sets
the optical switch 51B to the ON state.
[0051] The pass-through light described above is out-
putted to the outside of the trunk signal adjustment means
51 via the ports 1 and 2 of the optical filter 51A, and ports
4 and 6 of the optical filter 51C.
[0052] When the optical switch 51B is in the ON state,
the pass-through-prevented light described above is out-
putted to the outside of the trunk signal adjustment means
51 via the ports 1 and 3 of the optical filter 51A, and ports
5 and 6 of the optical filter 51C, and on the other hand,
when the optical switch 51B is in the OFF state, the pass-
through-prevented light is intercepted by the optical
switch 51B, and accordingly is not outputted to the out-
side of the trunk signal adjustment means 51.
[0053] The optical switch control circuit 51D sends to
the optical switch 51B a power control signal relevant to
passing/interception of an optical signal.
[0054] The optical input interruption detection circuit
31B notifies the optical switch control circuit 51D of the
branch-side input interruption information only when any
input interruption has been detected. In other words,
when no input interruption has been detected, the optical
input interruption detection circuit 31B notifies the optical
switch control circuit 51D of nothing. Accordingly, if no
input interruption occurs, the optical switch 51B is kept
in the OFF state.
[0055] The combining/output means 61 comprises an
optical coupler 61A which receives input of an optical
signal having passed through the optical filter 51C and
that having passed through the optical filter 41C, and
then combines the signals together and outputs the com-
bined signal.
[0056] That is, the optical filter 51C combines pass-
through light inputted from the port 4 with pass-through-
prevented light inputted as necessary from the port 5 (the
pass-through-prevented light is passed only when the
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optical switch 51B is in the ON state), and outputs the
combined light to the optical coupler 61A.
[0057] On the other hand, the optical filter 41C com-
bines insertion light inputted from the port 10 with inser-
tion-prevented light inputted as necessary from the port
11 (the insertion-prevented light is passed only when the
optical switch 41B is in the ON state), and outputs the
combined light to the optical coupler 61A.
[0058] In the first exemplary embodiment, optical cou-
plers which are devices for performing coupling or
branching on a plurality of optical fibers are employed as
components of the optical branching/insertion device 71,
as has been described above. That is, the optical coupler
21A performs a function to branch a trunk-side optical
signal and output the branch signal to the branch side.
The optical coupler 61A performs a function to combine
a pass-through signal component out of a trunk-side op-
tical signal with an insertion signal component out of a
branch-side optical signal and output the combined sig-
nal.
[0059] The optical switch control circuit 41D controls
the optical switch 41B on the basis of a result of input
interruption detection by the optical input interruption de-
tection circuit 21C. Accordingly, because the pass-
through degree with respect to an optical signal on the
trunk side is adjusted, even when any input interruption
has occurred on the trunk side, insertion light correspond-
ing to the remaining signal is effectively propagated.
[0060] Similarly, the optical switch control circuit 51D
controls the optical switch 51B on the basis of a result of
input interruption detection by the optical input interrup-
tion detection circuit 31B. Accordingly, because the pass-
through degree with respect to an optical signal on the
trunk side is adjusted, even when any input interruption
occurs on the branch side, pass-through light corre-
sponding to the remaining signal is effectively propagat-
ed.

(Network configuration)

[0061] FIG. 3 is a diagram showing a network config-
uration including the optical branching/insertion device
71 according to the first exemplary embodiment, where
upward and downward directions are expediently de-
fined.
[0062] The configurations of G-1 and G-2, which are
arranged respectively in the upward and downward di-
rections and collectively as an optical branching/insertion
device G, are the same as that of the optical branching/in-
sertion device 71 described above. That is, FIGS. 1 and
2 correspond to diagrams showing the contents of the
configuration of the optical branching/insertion device G-
1. Accordingly, the present description will be continued
in particular with respect to the upward direction in FIG.
3, and a description of the downward direction having
the same configuration will be omitted.
[0063] The network comprises optical terminal station
devices A and B as trunk stations, optical repeaters D,

E and F each consisting of an optical amplifier or the like,
an optical terminal station device C as a branch station,
and the optical branching/insertion device G.
[0064] As mentioned above, the optical branching/in-
sertion device G comprises G-1 and G-2, each having
the same configuration as that of the optical branching/in-
sertion device 71, respectively in the upward and down-
ward directions. The optical terminal station device C
comprises C-1 as a branch station operating with the
optical branching/insertion device G-1 and C-2 as a
branch station operating with the optical branching/inser-
tion device G-2.
[0065] The optical repeaters D and E comprise D-1
and D-2, and E-1 and E-2, respectively, in respective
ones of the upward and downward directions.
[0066] The optical repeater F comprises F-1 for relay-
ing a branch signal from the optical branching/insertion
device G-1, F-2 for relaying an insertion signal from the
optical terminal station device C-1, F-4 for relaying a
branch signal from the optical branching/insertion device
G-2 and F-3 for relaying an insertion signal from the op-
tical terminal station device C-2.
[0067] Wavelength-multiplexed light outputted from
the optical terminal station device A passes through the
optical repeater D-1 and then is inputted to the optical
branching/insertion device G-1. In G-1, the wavelength-
multiplexed light is split to the trunk side and the branch
side. On the trunk side, a signal component of a specific
wavelength (pass-through light) is passed out of the
wavelength-multiplexed light. Also in the optical branch-
ing/insertion device G-1, the pass-through signal (pass-
through light) on the trunk side is combined with an in-
sertion signal (insertion light) from the branch side. The
combined signal is propagated to the opposing optical
terminal station device B via the optical repeater E-1.

(Flow of optical signals)

[0068] Next, on the basis of the above-described net-
work configuration, flows of optical signals in the optical
branching/insertion device (submarine optical branch-
ing/insertion device) G-1 will be described, with reference
to FIGS. 4 and 5. Here, FIGS. 1 and 2 are referred to in
terms of constituent members of the optical branching/in-
sertion device G-1 (Optical branching/insertion device
71).
[0069] Here, a flow of optical signals in the normal state
will be described first, with reference to FIG. 4.
[0070] In the first exemplary embodiment, a trunk-side
optical signal including optical signal components of two
wavelengths to branch out (branch light) and optical sig-
nal components of four wavelengths to pass through
(pass-through light), as shown by (1) in FIG. 4, is inputted
to the trunk-side detection/branching means 21 of the
optical branching/insertion device G-1.
[0071] The trunk-side detection/branching means 21
having received the trunk-side optical signal firstly out-
puts the branch light to the branch side, as shown by (2)

9 10 



EP 2 950 466 A1

7

5

10

15

20

25

30

35

40

45

50

55

in FIG. 4, by means of the optical coupler 21B. Although
the trunk-side detection/branching means 21 performs
no filtering, and accordingly also the optical signal com-
ponents to pass through (pass-through light) branches
out, the signal components are not terminated at the op-
posing optical terminal station device C and accordingly
cause no problem.
[0072] Next, as shown by (3) in FIG. 4, the trunk signal
adjustment means 51 of the optical branching/insertion
device G-1 causes necessary signal components (pass-
through light) to pass through it via the optical filters 51A
and 51C, and intercepts unnecessary signal components
(here, the branch light) by means of the optical switch
51B in the OFF state.
[0073] Subsequently, a branch-side optical signal in-
cluding optical signal components of two wavelengths to
insert (insertion light) and dummy light for power com-
pensation of two wavelengths consisting of a shorter
wavelength side signal component and a longer wave-
length side one, as shown by (4) in FIG. 4, is inputted to
the branch-side detection means 31 of the optical branch-
ing/insertion device G-1.
[0074] Next, the insertion signal adjustment means 41
of the submarine optical branching/insertion device G-1
causes necessary signal components (insertion light) to
pass through it via the optical filters 41A and 41C, and
intercepts unnecessary signal components (here, the
dummy light), as shown by (5) in FIG. 4, by means of the
optical switch 41B in the OFF state. That is, the dummy
light, which is unnecessary in the normal state, is inter-
cepted here.
[0075] Finally, as shown by (6) in FIG. 4, the optical
signal components on the pass-through signal side
(pass-through light) and those on the insertion signal side
(insertion light) are combined together and then output-
ted, by the optical coupler 61A as the combining/output
means 62. That is, an optical signal having a predeter-
mined power is outputted from the optical branching/in-
sertion device G-1 to the outside.
[0076] Next, a flow of optical signals in a failure state
(in a case of a forward failure of the optical repeater D-
1) will be described, with reference to FIG. 5.
[0077] As shown by (1) in FIG. 5, a trunk-side optical
signal is, similarly to that in the normal state, an optical
signal including optical signal components to branch out
(branch light) consisting of two wavelength components
and optical signal components to pass through (pass-
through light) consisting of four wavelength components.
That is, the trunk-side optical signal including the optical
signals of two wavelengths to branch out (branch light)
and the optical signals of four wavelength to pass through
(pass-through light) is propagated up to a point just before
a point of failure occurrence preceding the optical repeat-
er (submarine optical repeater) D-1. However, in the
presently assumed situation, a cable failure has occurred
before the optical repeater D-1, and therefore, the optical
repeater D-1 outputs spontaneous emission light to the
subsequent device.

[0078] Accordingly, the spontaneous emission light
having lost the signal components owing to the cable
failure is inputted to the trunk-side detection/branching
means 21 of the optical branching/insertion device G-1,
and therefore, a branch signal outputted to the branch
side by the optical coupler 21B becomes equal to the
spontaneous emission light having lost the signal com-
ponents, as shown by (2) in FIG. 5.
[0079] Next, the trunk signal adjustment means 51 of
the optical branching/insertion device G-1 outputs, in-
stead of the optical signal components to pass through
in the normal state (refer to FIG. 4 (3)), spontaneous
emission light extracted into a filtered shape by the optical
filters 51A and 51C, as shown by (3) in FIG. 5.
[0080] Subsequently, a branch-side optical signal in-
cluding optical signal components to insert (insertion
light) consisting of two wavelength components and dum-
my light for power compensation of two wavelengths con-
sisting of a shorter wavelength side signal component
and a longer wavelength side one, as shown by (4) in
FIG. 5, is inputted to the branch-side detection means
31 of the optical branching/insertion device G-1.
[0081] Next, the insertion signal adjustment means 42
of the optical branching/insertion device G-1 causes nec-
essary signal components (insertion light) to pass
through it via the optical filters 41A and 41C, and also
causes the optical signal components having been inter-
cepted (in this case, the dummy light) to pass through it,
as compensation light for power compensation, via the
optical switch 41B having been set to the ON state by
the optical switch control circuit 41D, as shown by (5) in
FIG. 5.
[0082] Finally, the spontaneous emission light on the
pass-through side is combined with the optical signal
components and compensation light on the insertion side
by the optical coupler 61A as the combining/output
means 61, as shown by (6) in FIG. 5. That is, although
signal components other than the ones thus inserted
have been lost, the power of the spontaneous emission
light is supplemented by the compensation light. Accord-
ingly, an optical signal having a predetermined significant
power is outputted from the optical branching/insertion
device G-1 to the outside.

(Description of operation)

[0083] Next, operation of the optical branching/inser-
tion device 71 shown in FIGS. 1 and 2 will be described,
with reference to a flow chart shown in FIG. 6.

[Operation based on trunk-side optical signal]

[0084] First, the optical coupler 21A receives input of
a trunk-side optical signal from the outside (FIG. 6: S601).
The optical coupler 21A splits the trunk-side optical signal
into two directions, one of which is on the side of the
optical coupler 21B and the other is on the side of the
optical input interruption detection circuit 21C (FIG. 6:
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S602).
[0085] The optical coupler 21B splits the optical signal
received from the optical coupler 21A into two directions,
one of which is on the side of the optical filter 51A and
the other is on the branch side (FIG. 6: S603).
[0086] On the basis of the optical signal received from
the optical coupler 21A, the optical input interruption de-
tection circuit 21C determines whether or not any input
interruption has occurred on the trunk side propagation
path (FIG. 6: S604).
[0087] If any input interruption has occurred (FIG. 6:
YES at S604), the optical input interruption detection cir-
cuit 21C sends trunk-side input interruption information
to the optical switch control circuit 41D (FIG. 6: S605).
[0088] The optical switch control circuit 41D having re-
ceived the trunk-side input interruption information sets
the optical switch 41B to the ON state (FIG. 6: S606).
[0089] On the other hand, if no input interruption has
occurred (FIG. 6: NO at S604), the optical switch 41B is
kept in the OFF state.

[operation based on branch-side optical signal]

[0090] From the branch side, an optical signal to insert
is inputted, along with dummy light, to the optical coupler
31A (FIG. 6: S607). The optical coupler 31A splits the
inputted optical signal into two directions, one of which
is on the side of the optical filter 41A and the other is on
the side of the optical input interruption detection circuit
31B (FIG. 6: S608).
[0091] On the basis of the optical signal received from
the optical coupler 31A, the optical input interruption de-
tection circuit 31B determines whether or not any input
interruption has occurred on the branch side propagation
path (FIG. 6: S609).
[0092] If any input interruption has occurred (FIG. 6:
YES at S609), the optical input interruption detection cir-
cuit 31B sends branch-side input interruption information
to the optical switch control circuit 51D (FIG. 6: S610).
[0093] The optical switch control circuit 51D having re-
ceived the branch-side input interruption information sets
the optical switch 51B to the ON state (FIG. 6: S611).
[0094] On the other hand, if no input interruption has
occurred (FIG. 6: NO at S609), the optical switch 51B is
kept in the OFF state.

[Optical signal passing process based on adjusted pass-
through degree]

[0095] The optical filter 51A sends the optical signal
received from the optical coupler 21B (FIG. 6: S603 and
S609 to S611) to the optical filter 51C (FIG. 6: S612).
[0096] Specifically, when any input interruption has
been detected by the optical input interruption detection
circuit 31B (FIG. 6: YES at S609), the optical switch con-
trol circuit 51D sets the optical switch 51B to the ON state.
Accordingly, to the optical filter 51C, the pass-through-
prevented light for supplementing the branch-side optical

signal is sent via the optical switch 51B, as well as the
pass-through light.
[0097] On the other hand, when no input interruption
has been detected by the optical input interruption de-
tection circuit 31B (FIG. 6: NO at S609), the optical switch
51B is kept in the OFF state. Accordingly, only the pass-
through light is sent to the optical filter 51C.
[0098] Similarly, the optical filter 41A sends the optical
signal received from the optical coupler 31A (FIG. 6: S608
and S604 to S606) to the optical filter 41C (FIG. 6: S613).
[0099] Specifically, when any input interruption has
been detected by the optical input interruption detection
circuit 21C (FIG. 6: YES at S604), the optical switch con-
trol circuit 41D sets the optical switch 51B to the ON state.
Accordingly, to the optical filter 41C, the insertion-pre-
vented light for supplementing the trunk-side optical sig-
nal (compensation light) is sent via the optical switch 41B,
as well as the insertion light (FIG. 6: S613).
[0100] On the one hand, when no input interruption
has been detected by the optical input interruption de-
tection circuit 21C (FIG. 6: NO at S604), the optical switch
41B is kept in the OFF state. Accordingly, only the inser-
tion light is sent to the optical filter 41C (FIG. 6: S613).
[0101] The optical coupler 61A combines the optical
signals received respectively from the optical filters 51C
and 41C, and then sends the combined signal to the out-
side (FIG. 6: S614).
[0102] Although the above description of operation has
been made, for convenience, in numerical order accord-
ing to the numbers assigned in FIG. 6 (S601 to S614),
contents of operation of the optical branching/insertion
device 71 according to the first exemplary embodiment
is not limited to that order.
[0103] Further, the configuration may be such that the
contents to be performed in the respective processes
corresponding to the steps S601 to S614 (FIG. 6) de-
scribed above are programmed, and the series of control
programs are realized by a computer (including, for ex-
ample, a logic device, a CPU (Central Processing Unit)
and the like).
[0104] The above-described programs are delivered,
for example, by being stored in a computer readable non-
transitory recording medium such as a flexible disk, a
CD-ROM (Compact Disk Read-Only Memory) and an
MO (Magneto-Optical disk), or via a network.

(Effect of first exemplary embodiment)

[0105] In the optical branching/insertion device 71 ac-
cording to the first exemplary embodiment, branching
and passing of a trunk-side optical signal and insertion
of a branch-side optical signal are performed by the op-
tical couplers 21B and 61A, the optical filters 41A, 41C,
51A and 51C and the like. It accordingly can perform an
OADM (Optical Add/Drop Multiplexer) function in a sub-
marine cable system.
[0106] Further, when an input failure of a trunk-side
optical signal is detected, the state of the optical switch

13 14 



EP 2 950 466 A1

9

5

10

15

20

25

30

35

40

45

50

55

41B is changed from OFF to ON. Accordingly, an optical
signal component, out of a branch-side optical signal,
which have been intercepted (insertion-prevented light)
comes to be outputted as compensation light for the op-
tical signal (pass-through light) having been lost. As a
result, variation in the insertion signal power caused by
an input failure is suppressed.
[0107] Further, when an input failure of a branch-side
optical signal is detected, the state of the optical switch
51B is changed from OFF to ON. Accordingly, an optical
signal component, out of a trunk-side optical signal,
which have been intercepted (pass-through-prevented
light) comes to be outputted as compensation light for
the optical signal (insertion light) having been lost. As a
result, variation in the pass-through signal power caused
by an input failure is suppressed.
[0108] Specifically, in the optical branching/insertion
device 71, the optical switch control circuit 41D for con-
trolling the optical switch 41B operates on the basis of a
detection result by the optical input interruption detection
circuit 21C for detecting an optical input interruption of a
trunk-side optical signal. The optical switch control circuit
51D for controlling the optical switch 51B operates on
the basis of a detection result by the optical input inter-
ruption detection circuit 31B for detecting an optical input
interruption of a branch-side optical signal.
[0109] By these operations, an initial level of the total
power of an optical signal is maintained. As a result, var-
iation in the power of a remaining optical signal caused
by an input failure is suppressed.

[Second exemplary embodiment]

[0110] An optical branching/insertion device according
to a second exemplary embodiment of the present inven-
tion will be described, with reference to FIGS. 7 and 8.
[0111] The present optical branching/insertion device
is the one achieved based on the basic configuration of
the optical branching/insertion device 71 described
above, and it has a characteristic feature in the content
of its configuration relating to control to keep constant
the output power of a trunk-side optical signal both in the
normal state and in a case of a cable failure. Here, to a
constituent member which is the same as that in the first
exemplary embodiment described above, the same sign
as that in the first exemplary embodiment will be as-
signed.

(Basic configuration)

[0112] The optical branching/insertion device 72 ac-
cording to the second exemplary embodiment comprises
a trunk-side detection/branching means 22, a branch-
side detection means 32, an insertion signal adjustment
means 42, a trunk signal adjustment means 52 and a
combining/output means 62.
[0113] The trunk-side detection/branching means 22
detects a failure of an optical signal inputted from the

trunk side (a trunk-side optical signal), and splits the in-
putted signal and outputs the split signals respectively to
the trunk side and to the branch side.
[0114] The branch-side detection means 32 detects a
failure of a signal inserted from the branch side (an in-
sertion signal) and sends the insertion signal.
[0115] On the basis of the detection result by the trunk-
side detection/branching means 22, the insertion signal
adjustment means 42 adjusts a pass-through degree with
respect to the insertion signal received from the branch-
side detection means 32.
[0116] On the basis of the detection result by the
branch-side detection means 32, the trunk-signal adjust-
ment means 52 adjusts a pass-through degree with re-
spect to the trunk-side optical signal received from the
trunk-side detection/branching means 22.
[0117] The combining/output means 62 receives sig-
nals adjusted respectively by the insertion signal adjust-
ment means 42 and by the trunk signal adjustment means
52, and combines them together and then outputs the
combined signal to the outside.
[0118] The combining/output means 62 further has a
function (output-monitoring/sending unit) to monitor the
power of the optical signal which is outputted to the out-
side and to send a power control signal based on the
monitoring to the insertion signal adjustment means 42
and the trunk signal adjustment means 52.
[0119] On the basis of the power control signal, the
insertion signal adjustment means 42 and the trunk signal
adjustment means 52 perform the adjustments described
above.
[0120] More specifically, the insertion signal adjust-
ment means 42 performs the adjustment based on the
power control signal only when a failure has been detect-
ed by the trunk-side detection/branching means 22. The
trunk-signal adjustment means 52 performs the adjust-
ment based on the power control signal only when a fail-
ure has been detected by the branch-side detection
means 32.
[0121] Further, when no failure has been detected by
the trunk-side detection/branching means 22, the inser-
tion signal adjustment means 42 intercepts a signal com-
ponent having a first specific wavelength out of the in-
sertion signal. When no failure has been detected by the
branch-side detection means 32, the trunk signal adjust-
ment means 52 intercepts a signal component having a
second specific wavelength out of the trunk-side optical
signal.

(Specific configuration)

[0122] Here, a description will be given of, among con-
stituent members of the optical branching/insertion de-
vice 72, ones which are different from the constituent
members of the optical branching/insertion device 71 ac-
cording to the first exemplary embodiment described
above, and the like, with reference to FIG. 8.
[0123] In the second exemplary embodiment, the op-
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tical switches used in the first exemplary embodiment to
perform interception or passing of specific optical signals
are each replaced by an optical attenuator (ATT) which
attenuates an optical signal to an appropriate signal level.
[0124] Specifically, the optical switch 51B in FIG. 2 is
replaced, in FIG. 8, by an optical attenuator (ATT) 52B
which performs passing/interception of pass-through-
prevented light from the optical filter 51A. The optical
switch 41B in FIG. 2 is replaced by an optical attenuator
(ATT) 42B which performs passing/interception of inser-
tion-prevented light from the optical filter 41A.
[0125] Further, the optical switch control circuit 41D in
FIG. 2 is replaced, in FIG. 8, by an optical ATT control
circuit (optical ATT control unit) 42D which controls the
insertion loss of the optical attenuator 42B. The optical
switch control circuit 51D in FIG. 2 is replaced, in FIG. 8,
by an optical ATT control circuit (optical ATT control unit)
52D which controls the insertion loss of the optical atten-
uator 52B.
[0126] When its insertion loss is small, the optical at-
tenuator 52B outputs pass-through-prevented light to the
optical filter 51C. When its insertion loss is small, the
optical attenuator 42B outputs insertion-prevented light
to the optical filter 41C.
[0127] The optical branching/insertion device 72 fur-
ther comprises an optical output power monitor (output-
monitoring/sending unit) 62B and an optical coupler 62A.
[0128] The optical output power monitor 62B monitors
the optical power of trunk-side optical signal output and
sends, as necessary, a power control signal (monitoring
signal) based on the monitoring to the optical ATT control
circuit 42D and the optical ATT control circuit 52D.
[0129] The optical coupler 62A combines an optical
signal having passed through the optical filter 51C with
an optical signal having passed through the optical filter
41C, and then splits the combined signal into the direction
for output and the direction of the optical output power
monitor 62B.
[0130] The optical input interruption detection circuit
(optical input interruption detection unit) 22C monitors
the input power of a trunk-side optical signal and thereby
determines whether or not any input interruption has oc-
curred. If detecting any input interruption, the optical input
interruption detection circuit 22C sends "trunk-side input
interruption information" to the optical ATT control circuit
42D and the optical output power monitor 62B.
[0131] The optical input interruption detection circuit
(optical input interruption detection unit) 32B monitors
the input power of a branch-side optical signal and there-
by determines whether or not any input interruption has
occurred. If detecting any input interruption, the optical
input interruption detection circuit 32B sends "branch-
side input interruption information" to the optical ATT con-
trol circuit 52D and the optical output power monitor 62B.
[0132] If not receiving the trunk-side input interruption
information from the optical input interruption detection
circuit 22C, the optical ATT control circuit 42D gives pri-
ority to interception of an optical signal by setting the

insertion loss of the optical attenuator 42B at the maxi-
mum value, and does not perform the control based on
a power control signal from the optical output power mon-
itor 62B (ignores the power control signal).
[0133] On the other hand, if receiving the trunk-side
input interruption information from the optical input inter-
ruption detection circuit 22C, the optical ATT control cir-
cuit 42D adjusts the insertion loss of the optical attenuator
42B, according to a power control signal from the optical
output power monitor 62B, in a manner to keep constant
the optical power of trunk-side optical signal output.
[0134] If not receiving the branch-side input interrup-
tion information from the optical input interruption detec-
tion circuit 32B, the optical ATT control circuit 52D gives
priority to interception of an optical signal by setting the
insertion loss of the optical attenuator 52B at the maxi-
mum value, and does not perform the control based on
a power control signal from the optical output power mon-
itor 62B (ignores the power control signal).
[0135] On the other hand, if receiving the branch-side
input interruption information from the optical input inter-
ruption detection circuit 32B, the optical ATT control cir-
cuit 52D adjusts the insertion loss of the optical attenuator
52B, according to a power control signal from the optical
output power monitor 62B, in a manner to keep constant
the optical power of trunk-side optical signal output.
[0136] If receiving the trunk-side input interruption in-
formation from the optical input interruption detection cir-
cuit 22C, the optical output power monitor 62B sends a
power control signal to the optical ATT control circuit 42D
so as to keep constant the optical output power. On the
other hand, if not receiving the trunk-side input interrup-
tion information, the optical output power monitor 62B
sends no power control signal to the optical ATT control
circuit 42D
[0137] If receiving the branch-side input interruption in-
formation from the optical input interruption detection cir-
cuit 32B, the optical output power monitor 62B sends a
power control signal to the optical ATT control circuit 52D
so as to keep constant the optical output power. On the
other hand, if not receiving the branch-side input inter-
ruption information, the optical output power monitor 62B
sends no power control signal to the optical ATT control
circuit 52D
[0138] Further, if receiving input interruption notifica-
tions from both of the optical input interruption detection
circuits 22C and 32B, the optical output power monitor
62B sends a power control signal to neither of the optical
ATT control circuits 42D and 52D.
[0139] The optical filter 51C is an optical filter with the
same configuration as that of the optical filter 51A, and
is arranged in the reverse direction to that of the optical
filter 51A. The optical filter 51C combines pass-through
light with pass-through-prevented light (the pass-
through-prevented light is passed only when the insertion
loss of the optical attenuator 52B is small), and outputs
the combined light to the optical coupler 62A.
[0140] The optical filter 41C is an optical filter with the
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same configuration as that of the optical filter 41A, and
is arranged in the reverse direction to that of the optical
filter 41A. The optical filter 41C combines insertion light
with insertion-prevented light (the insertion-prevented
light is passed only when the insertion loss of the optical
attenuator 42B is small), and outputs the combined light
to the optical coupler 62A.
[0141] Here, the optical ATT control circuit 42D con-
trols the ATT 42B on the basis of a result of detecting an
input interruption by the optical input interruption detec-
tion circuit 22C. Accordingly, the pass-through degree
with respect to a trunk-side optical signal can be adjusted,
and as a result, even when an input interruption has oc-
curred on the trunk side, insertion light corresponding to
the remaining signal in that case is effectively propagat-
ed.
[0142] Similarly, the optical switch control circuit 52D
controls the ATT 52B on the basis of a result of detecting
an input interruption by the optical input interruption de-
tection circuit 32B. Accordingly, the pass-through degree
with respect to a trunk-side optical signal can be adjusted,
and as a result, even when an input failure has occurred
on the branch side, pass-through light corresponding to
the remaining signal in that case is effectively propagat-
ed.
[0143] The "network configuration" and "flow of optical
signals" are similar to the contents of their descriptions
given, with reference to FIGS. 3 to 5, in the first exemplary
embodiment described above.

(Description of operation)

[0144] Next, operation of the optical branching/inser-
tion device 72 shown in FIGS. 7 and 8 will be described,
with reference to a flow chart of a FIG. 9.

[Operation based on trunk-side optical signal]

[0145] First, the optical coupler 21A receives input of
a trunk-side optical signal from the outside (FIG. 9: S901).
The optical coupler 21A splits the trunk-side optical signal
into two directions, one of which is on the side of the
optical coupler 21B and the other is on the side of the
optical input interruption detection circuit 21C (FIG. 9:
S902).
[0146] The optical coupler 21B splits the optical signal
received from the optical coupler 21A into two directions,
one of which is on the side of the optical filter 51A and
the other is on the branch side (FIG. 9: S903).
[0147] On the basis of the optical signal received from
the optical coupler 21A, the optical input interruption de-
tection circuit 21C determines whether or not any input
interruption has occurred on the trunk side propagation
path (FIG. 9: S904).
[0148] If no input interruption has occurred (FIG. 9: NO
at S904), regardless of whether it has received a power
control signal from the optical output power monitor 62B,
the optical ATT control circuit 42D controls the ATT 42B

in a manner to set its insertion loss at the maximum value,
and thereby interrupts an optical signal (FIG. 9: S905).
[0149] If any input interruption has occurred (FIG. 9:
YES at S904), the optical input interruption detection cir-
cuit 22C sends trunk-side input interruption information
to the optical ATT control circuit 42D (FIG. 9: S906).
[0150] The optical ATT control circuit 42D having re-
ceived the trunk-side input interruption information con-
trols the ATT 42B, according to a power control signal
received from the optical output power monitor 62B, in a
manner to set the insertion loss of the ATT 42B to be
small (FIG. 9: S907).

[Operation based on branch-side optical signal]

[0151] From the branch side, an optical signal to insert
is inputted, along with dummy light, to the optical coupler
31A (FIG. 9: S908). The optical coupler 31A splits the
inputted optical signal into two directions, one of which
is on the side of the optical filter 41A and the other is on
the side of the optical input interruption detection circuit
32B (FIG. 9: S909).
[0152] On the basis of the optical signal received from
the optical coupler 31A, the optical input interruption de-
tection circuit 32B determines whether or not any input
interruption has occurred on the branch side propagation
path (FIG. 9: S910).
[0153] If no input interruption has occurred (FIG. 9: NO
at S910), regardless of whether it has received a power
control signal from the optical output power monitor 62B,
the optical ATT control circuit 52D controls the ATT 52B
in a manner to set its insertion loss at the maximum value,
and thereby interrupts an optical signal (FIG. 9: S911).
[0154] On the other hand, if any input interruption has
occurred (FIG. 9: YES at S910), the optical input inter-
ruption detection circuit 32B sends branch-side input in-
terruption information to the optical ATT control circuit
52D (FIG. 9: S912).
[0155] The optical ATT control circuit 52D having re-
ceived the branch-side input interruption information con-
trols the ATT 52B, according to a power control signal
received from the optical output power monitor 62B, in a
manner to set the insertion loss of the ATT 52B to be
small (FIG. 9: S913).

[Optical signal passing process based on adjusted pass-
through degree]

[0156] The optical filter 51A sends the optical signal
received from the optical coupler 21B (FIG. 9: S903 and
S910 to S913) to the optical filter 51C (FIG. 9: S914).
[0157] Specifically, when any input interruption has
been detected by the optical input interruption detection
circuit 32B (FIG. 9: YES at S910), the optical ATT control
circuit 52D controls (adjusts) the ATT 52B in a manner
to set its insertion loss to be small. Accordingly, to the
optical filter 51C, the pass-through-prevented light for
supplementing the branch-side optical signal is sent via
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the ATT 52B, as well as the pass-through light.
[0158] On the other hand, when no input interruption
has been detected by the optical input interruption de-
tection circuit 32B (FIG. 9: NO at S910), the optical ATT
control circuit 52D controls the ATT 52B in a manner to
set its insertion loss at the maximum value. Accordingly,
the pass-through-prevented light is intercepted, and
therefore, only the pass-through light is sent to the optical
filter 51C.
[0159] Similarly, the optical filter 41A sends the optical
signal received from the optical coupler 31A (FIG. 9: S909
and S904 to S907) to the optical filter 41C (FIG. 9: S915).
[0160] Specifically, when any input interruption has
been detected by the optical input interruption detection
circuit 22C (FIG. 9: YES at S904), the optical ATT control
circuit 42D controls (adjusts) the ATT 42B in a manner
to set its insertion loss to be small. Accordingly, to the
optical filter 41C, the insertion-prevented light for supple-
menting the trunk-side optical signal (compensation light:
dummy light) is sent via the ATT 42B, as well as the
insertion light.
[0161] On the other hand, when no input interruption
has been detected by the optical input interruption de-
tection circuit 22C (FIG. 9: NO at S904), the optical ATT
control circuit 42D controls the ATT 42B in a manner to
set its insertion loss at the maximum value. Accordingly,
the insertion-prevented light (compensation light) is in-
tercepted, and therefore, only the insertion light is sent
to the optical filter 41C.
[0162] The optical coupler 62A combines the optical
signals received from respectively the optical filters 51C
and 41C, and then sends the combined signal to the out-
side (FIG. 9: S916).
[0163] Although the above description of operation has
been made, for convenience, in numerical order accord-
ing to the numbers assigned in FIG. 9 (S901 to S916),
contents of the operation of the optical branching/inser-
tion device 72 according to the second exemplary em-
bodiment is not limited to that order.
[0164] Further, the configuration may be such that the
contents to be performed in the respective processes
corresponding to the steps S901 to S916 (FIG. 9) de-
scribed above are programmed, and the series of control
programs are realized by a computer (including, for ex-
ample, a logic device, a CPU (Central Processing Unit)
and the like).
[0165] The above-described programs are delivered,
for example, by being stored in a computer readable non-
transitory recording medium such as a flexible disk, a
CD-ROM and an MO, or via a network.

(Effect of second exemplary embodiment)

[0166] In the optical branching/insertion device 72 ac-
cording to the second exemplary embodiment, the optical
switches 41B and 51B have been replaced by respec-
tively the optical attenuators (ATTs) 42B and 52B. The
optical ATT control circuits 42D and 52D control (adjust),

respectively, the insertion loss of the optical attenuator
(ATT) 42B and that of the ATT 52B, on the basis of a
power control signal sent as necessary from the optical
output power monitor 62B and respective pieces of input
interruption information sent as necessary from the op-
tical input interruption detection circuits 22C and 32B.
[0167] As a result, according to the optical branch-
ing/insertion device 72, even when any input failure has
occurred on either or both of the trunk-side and branch-
side propagation paths, it is possible to precisely adjust
the total power of a signal from input to output and thus
maintain its initial level. Accordingly, it becomes possible
to effectively relay a remaining signal to send.
[0168] Therefore, by applying the optical branching/in-
sertion device 72, which suppresses variation in the pow-
er of a remaining optical signal due to an input failure, to
a submarine cable system and the like, it becomes pos-
sible, even if an input failure occurs, to effectively prop-
agate a remaining significant optical signal on the sub-
sequent path.
[0169] The exemplary embodiments described above
are preferable specific examples of an optical branch-
ing/insertion device, an optical branching/insertion meth-
od and a recording medium, where various restrictions
which are technically preferable may have been made.
However, unless any particular description restricting the
present invention is given, the technological scope of the
present invention is not limited to those aspects.
[0170] The following supplementary notes are those
into which the essential points of novel technical matters
of the above-described exemplary embodiments are or-
ganized, but the present invention is not limited to the
following supplementary notes.

(Supplementary note 1)

[0171] An optical branching/insertion device compris-
ing:

trunk-side detection/branching means for detecting
a failure of a trunk-side optical signal inputted from
the trunk side and outputting detection result of the
failure of the trunk-side optical signal as a first de-
tection result, and for splitting the trunk-side optical
signal and sending the split signals respectively to
the trunk side and to the branch side;
branch-side detection means for detecting a failure
of a branch-side optical signal inserted from the
branch side and outputting detection result of the
failure of the branch-side optical signal as a second
detection result, and for sending the branch-side op-
tical signal as an insertion signal;
insertion signal adjustment means for outputting the
insertion signal after adjusting pass-through degree
of the insertion signal on the basis of the first detec-
tion result, as a first adjusted signal;
trunk signal adjustment means for outputting the
trunk-side optical signal after adjusting pass-through
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degree of the trunk-side optical signal on the basis
of the second detection result, as a second adjusted
signal; and
combining/output means for outputting, to the out-
side, an optical signal into which the first adjusted
signal and the second adjusted signal are combined
together, as a trunk-side output optical signal.

(Supplementary note 2)

[0172] The optical branching/insertion device accord-
ing to supplementary note 1, wherein
the trunk signal adjustment means:

when no failure occurrence of the branch-side optical
signal is indicated by the second detection result,
passes only a signal component of a first specific
wavelength out of the trunk-side optical signal; and
when any failure occurrence of the branch-side op-
tical signal is indicated by the second detection re-
sult, passes also a signal component of a second
specific wavelength, as well as the signal component
of the first specific wavelength, out of the trunk-side
optical signal.

(Supplementary note 3)

[0173] The optical branching/insertion device accord-
ing to supplementary note 2, wherein
the insertion signal adjustment means:

when no failure occurrence of the trunk-side optical
signal is indicated by the first detection result, passes
only a signal component of the second specific wave-
length out of the insertion signal; and
when any failure occurrence of the trunk-side optical
signal is indicated by the first detection result, passes
also a signal component of the first specific wave-
length, as well as the signal component of the second
specific wavelength, out of the insertion signal.

(Supplementary note 4)

[0174] The optical branching/insertion device accord-
ing to any one of supplementary notes 1 to 3, wherein
the insertion signal adjustment means comprises
a first optical filter with one input and two outputs, a first
optical switch for performing passing or interception of
an optical signal, a second optical filter with two inputs
and one output, and a first optical switch control unit for
controlling the first optical switch on the basis of the first
detection result.

(Supplementary note 5)

[0175] The optical branching/insertion device accord-
ing to any one of supplementary notes 1 to 3, wherein
the trunk signal adjustment means comprises

a third optical filter with one input and two outputs, a sec-
ond optical switch for performing passing or interception
of an optical signal, a fourth optical filter with two inputs
and one output, and a second optical switch control unit
for controlling the second optical switch on the basis of
the second detection result.

(Supplementary note 6)

[0176] The optical branching/insertion device accord-
ing to supplementary note 1, wherein:

the combining/output means further comprises an
output-monitoring/sending unit which monitors the
power of the trunk-side output optical signal, thereby
generating a power control signal, and sends the
power control signal to the insertion signal adjust-
ment means and to the trunk signal adjustment
means; and
the insertion signal adjustment means and the trunk
signal adjustment means perform the respective ad-
justments on the basis of the power control signal.

(Supplementary note 7)

[0177] The optical branching/insertion device accord-
ing to supplementary note 6, wherein:

the insertion signal adjustment means performs the
adjustment based on the power control signal only
when any failure occurrence of the trunk-side optical
signal is indicated by the first detection result; and
the trunk signal adjustment means performs the ad-
justment based on the power control signal only
when any failure occurrence of the branch-side op-
tical signal is indicated by the second detection re-
sult.

(Supplementary note 8)

[0178] The optical branching/insertion device accord-
ing to supplementary notes 6 or 7, wherein:
when no failure occurrence of the trunk-side optical signal
is indicated by the first detection result, the insertion sig-
nal adjustment means intercepts a signal component of
the first specific wavelength out of the insertion signal;
and
when no failure occurrence of the branch-side optical sig-
nal is indicated by the second detection result, the trunk
signal adjustment means intercepts a signal component
of the second specific wavelength out of the trunk-side
optical signal

(Supplementary note 9)

[0179] The optical branching/insertion device accord-
ing to any one of supplementary notes 6 to 8, wherein
the insertion signal adjustment means comprises:
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a first optical filter with one input and two outputs,
and a first optical attenuator which attenuates an op-
tical signal; and
a second optical filter with two inputs and one output,
and a first optical attenuator control unit which con-
trols the first optical attenuator on the basis of the
first detection result.

(Supplementary note 10)

[0180] The optical branching/insertion device accord-
ing to any one of supplementary notes 6 to 9, wherein
the trunk signal adjustment means comprises:

a third optical filter with one input and two outputs,
and a second optical attenuator which attenuates an
optical signal; and
a fourth optical filter with two inputs and one output,
and a second optical attenuator control unit which
controls the second optical attenuator on the basis
of the second detection result.

(Supplementary note 11)

[0181] The optical branching/insertion device accord-
ing to any one of supplementary notes 1 to 10, wherein
the trunk-side detection/branching means comprises:

a first optical coupler which splits the trunk-side op-
tical signal and sends the split signals in respective
ones of two directions;
a first optical input interruption detection unit which
detects a failure of the trunk-side optical signal re-
ceived from the first optical coupler and sends de-
tection result of the failure of the trunk-side optical
signal as the first detection result to the insertion sig-
nal adjustment means; and
a second optical coupler which splits the trunk-side
optical signal received from the first optical coupler
into two directions.

(Supplementary note 12)

[0182] The optical branching/insertion device accord-
ing to any one of supplementary notes 1 to 11, wherein
the branch-side detection means comprises:

a third optical coupler which splits the branch-side
optical signal and sends the split signals in respec-
tive ones of two directions;
a second optical input interruption detection unit
which detects a failure of the branch-side optical sig-
nal received from the third optical coupler and sends
detection result of the failure of the branch-side op-
tical signal as the second detection result to the trunk
signal adjustment means.

(Supplementary note 13)

[0183] An optical branching/insertion method compris-
ing:

detecting a failure of a trunk-side optical signal in-
putted from the trunk side and outputting detection
result of the failure of the trunk-side optical signal as
a first detection result, and splitting the trunk-side
optical signal and sending the split signals respec-
tively to the trunk side and to the branch side;
detecting a failure of a branch-side optical signal in-
serted from the branch side and outputting detection
result of the failure of the branch-side optical signal
as a second detection result, and sending the
branch-side optical signal as an insertion signal;
outputting the insertion signal with its pass-through
degree having been adjusted on the basis of the first
detection result, as a first adjusted signal;
outputting the trunk-side optical signal with its pass-
through degree having been adjusted on the basis
of the first detection result, as a second adjusted
signal; and
outputting, to the outside, an optical signal into which
the first adjusted signal and the second adjusted sig-
nal are combined together, as a trunk-side output
optical signal.

(Supplementary note 14)

[0184] The optical branching/insertion method accord-
ing to supplementary note 13, comprising:

when no failure occurrence of the branch-side optical
signal is indicated by the second detection result,
passing only a signal component of a first specific
wavelength out of the trunk-side optical signal; and
when any failure occurrence of the branch-side op-
tical signal is indicated by the second detection re-
sult, passing also a signal component of a second
specific wavelength, as well as the signal component
of the first specific wavelength, out of the trunk-side
optical signal.

(Supplementary note 15)

[0185] The optical branching/insertion method accord-
ing to supplementary note 13, comprising:

when no failure occurrence of the trunk-side optical
signal is indicated by the first detection result, pass-
ing only a signal component of the second specific
wavelength out of the insertion signal; and
when any failure occurrence of the trunk-side optical
signal is indicated by the first detection result, pass-
ing also a signal component of the first specific wave-
length, as well as the signal component of the second
specific wavelength, out of the insertion signal.
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(Supplementary note 16)

[0186] A recording medium storing an optical branch-
ing/insertion program for causing a computer to realize:

a trunk-side detection/branching function for detect-
ing a failure of a trunk-side optical signal inputted
from the trunk side and outputting detection result of
the failure of the trunk-side optical signal as a first
detection result, and for splitting the trunk-side opti-
cal signal and sending the split signals respectively
to the trunk side and to the branch side;
a branch-side detection function for detecting a fail-
ure of a branch-side optical signal inserted from the
branch side and outputting detection result of the
failure of the branch-side optical signal as a second
detection result, and for sending the branch-side op-
tical signal as an insertion signal;
an insertion signal adjustment function for outputting
the insertion signal with pass-through degree of the
insertion signal having been adjusted on the basis
of the first detection result, as a first adjusted signal;
a trunk signal adjustment function for outputting the
trunk-side optical signal with pass-through degree
of the trunk-side optical signal having been adjusted
on the basis of the second detection result, as a sec-
ond adjusted signal; and
a combining/output function for outputting, to the out-
side, an optical signal into which the first adjusted
signal and the second adjusted signal are combined
together, as a trunk-side output optical signal.

(Supplementary note 17)

[0187] The recording medium according to supple-
mentary note 16, wherein
the optical branching/insertion program causes the com-
puter to realize:
a function for, when no failure occurrence of the branch-
side optical signal is indicated by the second detection
result, passing only a signal component of a first specific
wavelength out of the trunk-side optical signal; and
a function for, when any failure occurrence of the branch-
side optical signal is indicated by the second detection
result, passing also a signal component of a second spe-
cific wavelength, as well as the signal component of the
first specific wavelength, out of the trunk-side optical sig-
nal.

(Supplementary note 18)

[0188] The recording medium according to supple-
mentary note 16, wherein
the optical branching/insertion program causes the com-
puter to realize:

a second signal insertion function for, when no failure
occurrence of the trunk-side optical signal is indicat-

ed by the first detection result, passing only a signal
component of the second specific wavelength out of
the insertion signal; and
a multiple signals insertion function for, when any
failure occurrence of the trunk-side optical signal is
indicated by the first detection result, passing also a
signal component of the first specific wavelength, as
well as the signal component of the second specific
wavelength, out of the insertion signal.

[0189] The present invention has been described
above with reference to the exemplary embodiments, but
the present invention is not limited to the above-de-
scribed exemplary embodiments. To the configurations
and details of the present invention, various modifications
which can be understood by those skilled in the art may
be made within the scope of the present invention.
[0190] The present application is based upon and
claims the benefit of priority from Japanese Patent Ap-
plication No. 2013-009831, filed on January 23, 2013,
the disclosure of which is incorporated herein in its en-
tirety by reference.

[Industrial Applicability]

[0191] The optical branching/insertion devices accord-
ing to the present invention are applicable to such as a
submarine cable system which is required to have very
high reliability in international communications and the
like.

[Reference Signs List]

[0192]

21, 22 trunk-side detection/branching means
21A, 21B optical coupler
21C, 22C optical input interruption detection circuit
31, 32 branch-side detection means
31A optical coupler
31B, 32B optical input interruption detection circuit
41, 42 insertion signal adjustment means
41A, 41C optical filter
41B optical switch
41D optical switch control circuit
42B ATT (optical attenuator)
42D optical ATT control circuit
51, 52 trunk signal adjustment means
51A, 51C optical filter
51B optical switch
51D optical switch control circuit
52B ATT (optical attenuator)
52D optical ATT control circuit
61, 62 combining/output means
61A, 62A optical coupler
62B optical output power monitor
71, 72, G optical branching/insertion device
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Claims

1. An optical branching/insertion device comprising:

trunk-side detection/branching means for de-
tecting a failure of a trunk-side optical signal in-
putted from the trunk side and outputting detec-
tion result of the failure of the trunk-side optical
signal as a first detection result, and for splitting
the trunk-side optical signal and sending the split
signals respectively to the trunk side and to the
branch side;
branch-side detection means for detecting a fail-
ure of a branch-side optical signal inserted from
the branch side and outputting detection result
of the failure of the branch-side optical signal as
a second detection result, and for sending the
branch-side optical signal as an insertion signal;
insertion signal adjustment means for outputting
the insertion signal after adjusting pass-through
degree of the insertion signal on the basis of the
first detection result, as a first adjusted signal;
trunk signal adjustment means for outputting the
trunk-side optical signal after adjusting pass-
through degree of the trunk-side optical signal
on the basis of the second detection result, as
a second adjusted signal; and
combining/output means for outputting, to the
outside, an optical signal into which the first ad-
justed signal and the second adjusted signal are
combined together, as a trunk-side output opti-
cal signal.

2. The optical branching/insertion device according to
claim 1, wherein
the trunk signal adjustment means:
when no failure occurrence of the branch-side optical
signal is indicated by the second detection result,
passes only a signal component of a first specific
wavelength out of the trunk-side optical signal; and
when any failure occurrence of the branch-side op-
tical signal is indicated by the second detection re-
sult, passes also a signal component of a second
specific wavelength, as well as the signal component
of the first specific wavelength, out of the trunk-side
optical signal.

3. The optical branching/insertion device according to
claim 2,
wherein
the insertion signal adjustment means:

when no failure occurrence of the trunk-side op-
tical signal is indicated by the first detection re-
sult, passes only a signal component of the sec-
ond specific wavelength out of the insertion sig-
nal; and
when any failure occurrence of the trunk-side

optical signal is indicated by the first detection
result, passes also a signal component of the
first specific wavelength, as well as the signal
component of the second specific wavelength,
out of the insertion signal.

4. The optical branching/insertion device according to
claim 1, wherein:
the combining/output means further comprises an
output-monitoring/sending unit which monitors the
power of the trunk-side output optical signal, thereby
generating a power control signal, and sends the
power control signal to the insertion signal adjust-
ment means and to the trunk signal adjustment
means; and
the insertion signal adjustment means and the trunk
signal adjustment means perform the respective ad-
justments on the basis of the power control signal.

5. The optical branching/insertion device according to
claim 4, wherein:

the insertion signal adjustment means performs
the adjustment based on the power control sig-
nal only when any failure occurrence of the
trunk-side optical signal is indicated by the first
detection result; and
the trunk signal adjustment means performs the
adjustment based on the power control signal
only when any failure occurrence of the branch-
side optical signal is indicated by the second de-
tection result.

6. The optical branching/insertion device according to
claims 4 or 5, wherein:

when no failure occurrence of the trunk-side op-
tical signal is indicated by the first detection re-
sult, the insertion signal adjustment means in-
tercepts a signal component of the first specific
wavelength out of the insertion signal; and
when no failure occurrence of the branch-side
optical signal is indicated by the second detec-
tion result, the trunk signal adjustment means
intercepts a signal component of the second
specific wavelength out of the trunk-side optical
signal.

7. The optical branching/insertion device according to
any one of claims 1 to 6, wherein
the trunk-side detection/branching means compris-
es:

a first optical coupler which splits the trunk-side
optical signal and sends the split signals in re-
spective ones of two directions;
a first optical input interruption detection unit
which detects a failure of the trunk-side optical
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signal received from the first optical coupler and
sends detection result of the failure of the trunk-
side optical signal as the first detection result to
the insertion signal adjustment means; and
a second optical coupler which splits the trunk-
side optical signal received from the first optical
coupler into two directions.

8. The optical branching/insertion device according to
any one of claims 1 to 7, wherein
the branch-side detection means comprises:
a third optical coupler which splits the branch-side
optical signal and sends the split signals in respec-
tive ones of two directions;
a second optical input interruption detection unit
which detects a failure of the branch-side optical sig-
nal received from the third optical coupler and sends
detection result of the failure of the branch-side op-
tical signal as the second detection result to the trunk
signal adjustment means.

9. An optical branching/insertion method comprising:

detecting a failure of a trunk-side optical signal
inputted from the trunk side and outputting de-
tection result of the failure of the trunk-side op-
tical signal as a first detection result, and splitting
the trunk-side optical signal and sending the split
signals respectively to the trunk side and to the
branch side;
detecting a failure of a branch-side optical signal
inserted from the branch side and outputting de-
tection result of the failure of the branch-side
optical signal as a second detection result, and
sending the branch-side optical signal as an in-
sertion signal;
outputting the insertion signal with its pass-
through degree having been adjusted on the ba-
sis of the first detection result, as a first adjusted
signal;
outputting the trunk-side optical signal with its
pass-through degree having been adjusted on
the basis of the first detection result, as a second
adjusted signal; and
outputting, to the outside, an optical signal into
which the first adjusted signal and the second
adjusted signal are combined together, as a
trunk-side output optical signal.

10. A recording medium storing an optical branching/in-
sertion program for causing a computer to realize:

a trunk-side detection/branching function for de-
tecting a failure of a trunk-side optical signal in-
putted from the trunk side and outputting detec-
tion result of the failure of the trunk-side optical
signal as a first detection result, and for splitting
the trunk-side optical signal and sending the split

signals respectively to the trunk side and to the
branch side;
a branch-side detection function for detecting a
failure of a branch-side optical signal inserted
from the branch side and outputting detection
result of the failure of the branch-side optical sig-
nal as a second detection result, and for sending
the branch-side optical signal as an insertion sig-
nal;
an insertion signal adjustment function for out-
putting the insertion signal with pass-through
degree of the insertion signal having been ad-
justed on the basis of the first detection result,
as a first adjusted signal;
a trunk signal adjustment function for outputting
the trunk-side optical signal with pass-through
degree of the trunk-side optical signal having
been adjusted on the basis of the second detec-
tion result, as a second adjusted signal; and
a combining/output function for outputting, to the
outside, an optical signal into which the first ad-
justed signal and the second adjusted signal are
combined together, as a trunk-side output opti-
cal signal.
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